widely as possible. A stable unlocked or locked intramedullary nail was then inserted. No extra cancellous bone graft was supplemented. Results. 28 patients were followed up for a median period of 2.2 years (range, 1.0-5.2 years). All patients achieved solid union. The median union period was 4.5 months (range, 3.0-7.5 months). There were no significant complications. Conclusion. When reamed intramedullary nails are used to treat tibial shaft aseptic nonunions after plating, supplemented cancellous bone grafting can be spared. Despite the technique being simplified, the success rate is high. We therefore recommend its wide use to treat all suitable cases.
INTRODUCTION
Among all long bone fractures, the highest incidence of nonunions occurs with tibial shafts. 1 Its treatment is still controversial and both nonoperative or operative methods have been proposed. [2] [3] [4] [5] The treatment of tibial shaft aseptic nonunions after plating has never been specifically reported in the literature. A convincing treatment method has not been conclusively recommended. 6, 7 Theoretically, following the advancement of orthopaedic knowledge and devices, the treatment of this disorder should be more efficient. We conducted a prospective study using reamed intramedullary nail stabilisation, combined with reaming bone graft supplementation. 
MATERIALS AND METHODS
From April 1992 to December 1996, 31 consecutive adult patients (age range, 19-58 years; median age, 34 years) who sustained tibial shaft aseptic nonunions after plating were prospectively treated with this technique at our institution. The male-to-female ratio was 4.2:1. All fractures were initially caused by motor vehicle crashes and were treated at other hospitals. Initial treatments included casting, external fixation, intramedullary nailing, and plating. All initial treatments had failed, and plates were finally inserted. The time from injury to treatment at our institution was 0.8 to 4.2 years (median, 1.8 years) and the number of operations ranged from one to 4 times. 26 fractures were initially closed, with 5 being Gustilo Type I or II open fractures. 8 The fracture levels were composed of upper third (n=10), mid-third (n=14), and distal third (n=7). Indications for grafting treatment consisted of a tibial shaft nonunion with an inserted plate, fracture level fit for traditional or locked nail stabilisation, absence of suspicious infection and segmental bony defect at present, and shortening of less than 2 cm.
White blood cell, erythrocyte sedimentation rate, and C-reactive protein values were checked preoperatively in all indicated cases. Patients with suspicious latent deep infection were excluded from the study, and other techniques were chosen, such as conversion to external immobilisation, for managing these patients.
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Surgical technique
The patient was placed on the fracture table in the supine position after being given spinal anaesthesia. A tourniquet was routinely used, and an image intensifier was prepared when distal-locked screws of a locked nail needed to be inserted. The injured leg was draped and hung over the edge of the fracture table. The inserted plate was first removed. The tibial segments were manually reduced; fibulotomy was done only when a manual reduction of the tibial segments was impossible. A second skin incision was made along the medial aspect of the patellar tendon. After a flexible guide wire was inserted into the proximal tibial segment, reaming with a 8-mm reamer was commenced. Every effort was made to insert the flexible guide wire into the distal segment. In some cases a rigid guide wire was inserted first to penetrate through the sclerosing zone and was then converted to a flexible guide wire. If the nonunion site was well exposed and anteriorly angulated, the sclerosing zone was drilled through and a flexible guide wire inserted under direct vision.
The marrow cavity was reamed as widely as possible until resistance occurred. A 1 mm-less sized Kuntscher nail (Zimmer, Indianapolis, US) or GrosseKempf locked nail (Howmedica, Kiel, Germany) was then inserted. With manipulation, the torsional and bending stability over the nonunion site were tested. Stability was further enforced by staple augmentation until fragment movement completely vanished. The wound was closed with or without drain insertion.
Intravenous antibiotics of cephalosporin (cefazolin 500 mg) was given at 6 hour intervals for 2 days, and patients were permitted to ambulate with protected weightbearing as soon as possible. Knee and ankle range of motion exercise was encouraged. Patients were followed up via the hospital's Outpatients Department at 4 to 6 week intervals. Clinical and radiographical healing processes were recorded. Bony union was clinically defined as the absence of pain and tenderness, and the ability of the patient to walk without aids. It was radiographically defined as abridgement of solid callus with cortical density for both segments. 10 Nonunion was defined as no union after treatment lasting for more than one year.
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RESULTS
28 patients were followed up for at least one year (range, 1.0-5.2 years; median, 2.2 years), while 3 were lost contact. All 28 tibial nonunions healed uneventfully, giving a 100% union rate. The median union period was 4.5 months (range, 3.0-7.5 months) [Table, Figs. 1 and 2 ]. Knee range of motion was affected by the preoperative status, especially presence of simultaneous ipsilateral femur injury. 12 There was no evident improvement in the knee range of motion after operation. However, the ankle range of motion had some improvement and all the patients could walk without aid postoperatively. There were no deep infections, rotational (>10 o ) or angular (>10 o ) deformity, or shortening (>2 cm).
DISCUSSION
Although a nonunion is often divided into a hypervascular or avascular type for the convenience of treatment, 13 a tibial shaft aseptic nonunion after plating should be classified as the latter. This is because plate treatment involves a primary bony healing process, and fracture callus cannot be inspected by radiography. 14, 15 Moreover, with a large wound dissection, periosteal vascularity will be massively destroyed. Hence, a high incidence of atrophic nonunion should be anticipated. In principle, the treatment of atrophic nonunion includes providing adequate stability and stimulating the osteogenic process. 13 The use of reamed intramedullary nails, with open cancellous bone graft supplementation, to treat tibial shaft nonunions can be successful. 16, 17 However, the cancellous bone graft may be done by a closed or open technique; the former is favoured in the treatment of femoral nonunion. 18 In our study, the closed technique with reaming to provide internal cancellous bone graft to treat tibial nonunion after plating also achieved a high success rate. This technique avoids morbidity associated with a donor site.
Because of the large wound created during removal of the previously inserted plate, inserting a reamed intramedullary nail will destroy both endosteal and periosteal blood supply. Theoretically, bony healing process should be hindered. Although the specific outcome has not been reported in the literature, in our study, reaming bone graft to provoke osteogenic power can achieve a high success rate. Nevertheless, surgeons should bear in mind that dissection of soft tissues during removal of the plate should be handled gently; otherwise nonunion or infection may occur.
Reinserting a new plate to replace the previous plate may avoid the destruction of endosteal vascularity. However, this technique is not easy to perform. The cortex, where the plate is inserted, becomes rough and local osteoporosis may restrict the stable fixation of a new plate. Furthermore, the sclerosing ends of bony segments cannot be recanalised to speed the bony healing process. The repeated use of a plate is not a wise choice. Once the nonunion site has been opened to remove the inserted plate, applying a cast, cast brace, or external fixator is inferior to using an intramedullary nail. The stability of a cast or cast brace is not always sufficient and the deterioration of tibial alignment is unavoidable. 3, 19 Local wound care is sometimes very difficult, and long-term ankle joint immobilisation can delay the recovery period. As for external fixation, pin tract problems and the bulky framework may create inconvenience for daily life. 20 Therefore, they are better used under special conditions where intramedullary nails are unsuitable, such as when the nonunion site is too close to the knee or ankle joint. 9 Reaming to provide cancellous bone graft should not be overdone. Therefore, nonunions with segmental bony defects are not suitable for this treatment. The harvesting of bone graft from the posterior iliac crest should be more adequate, despite its requirement of creating a new wound. On the other hand, although in this series nonunion of any level can be successfully treated with reaming bone graft, the lower tibia can be provided with much more bone graft than the upper tibia by intramedullary reaming. Therefore, the former can tolerate bonier defect than the latter.
In this study, patients with infected nonunion after plating were excluded. This is because reaming the marrow canal will spread the infection through the whole tibia, and such infection may become uncontrollable. 21 Hence, the insertion of an intramedullary nail would be unsuitable. For these cases, removal of the plate, thorough debridement, and stabilisation by external fixation are more reasonable. A second stage of cancellous bone could be used to enforce the osteogenic power. For a quiescent infected nonunion, removal of the plate, intramedullary reaming, and stabilisation with external fixation can be successful.
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CONCLUSION
The use of reamed intramedullary nails with reaming bone graft, to manage tibial shaft aseptic nonunions after plating, can achieve a high success rate. Therefore, whenever possible, it should be considered for suitable patients.
